To compare the posture-induced intraocular pressure (IOP) changes in eyes with open-angle glaucoma (OAG), primary angle closure (PAC) with or without glaucoma medications, and healthy control eyes with normal IOPs.
G laucoma, a potentially blinding disease, is the second leading cause of visual impairment in Japan as shown in the Tajimi Study. 1 Although glaucoma is considered to be a multifactorial disease, there is little doubt that the intraocular pressure (IOP) plays a key role in the onset and progression of the glaucomatous optic neuropathy. Currently, Goldmann applanation tonometry (GAT) is routinely used in the clinic to measure the IOP, and the IOP is usually measured with the patient in a sitting position (SP). However, it is well established that the IOP varies with the body position, and the IOP measured in the SP is the lowest among all the body positions. 2, 3 Therefore, it is possible that measuring the IOP only in the SP might lead to a false assurance that the IOP is under control. Recently, a close association was found between the posture-induced IOP changes and the functional and morphologic impairments in glaucoma [4] [5] [6] and also with the progression of glaucomatous visual field defects. 7 Therefore, it is important for clinicians to know whether the IOP in the SP is significantly different from that in the supine or the lateral decubitus position (LDP) in eyes with glaucoma. It has also been reported that there was a significant correlation between posture-induced IOP changes and the axial length (AL) of eye or refractive status in healthy young volunteers. 8, 9 The question then arises as to whether this also holds for glaucomatous eyes.
There have been studies that compared the posture-induced changes in the IOP in normal eyes to that in eyes with glaucoma. 4, [10] [11] [12] [13] Some authors have reported higher postureinduced IOP changes in glaucomatous eyes than those in normal eyes. 4, 10, 12 On the other hand, others described that there was no difference in postural IOP changes between glaucomatous and control eyes. 11, 13 Therefore, this controversy still exists. Furthermore, there are no data published comparing the postural IOP changes among normal eyes, eyes with open-angle glaucoma, and eyes with primary angle closure.
Thus, the purpose of this study was to compare the postureinduced IOP changes among eyes with OAG, PAC eyes, and control eyes with normal IOPs. In addition, we examined whether there was a significant correlation between the posture-induced IOP change and the AL of eyes in the three groups.
MATERIALS AND METHODS
The number of age-and sex-matched participants was 52 controls with normal IOPs, 52 patients with OAG, and 52 patients with PAC. This study was conducted between May 2008 and August 2012. The procedures used in this study were approved by the Institutional Review Board of Gifu University Graduate School of Medicine. All patients were fully informed on the procedures and a signed, written consent was obtained before participation. The procedures used conformed to the tenets of the Declaration of Helsinki.
The ocular diagnostic examinations included best-corrected visual acuity (BCVA), slit-lamp examination, central corneal thickness (CCT) measurements by ultrasonic pachymetry (SP-100 Handy Pachymeter; Tomey, Nagoya, Japan), AL measurements by A-scan biometer (ALwas suspected, an indentation gonioscopic examination was performed with an indentation gonioscopic lens 14 (Kitazawa Lens; Ocular Instruments Inc., Bellevue, WA). This was performed by an experienced glaucoma specialist, and the extent of any peripheral anterior synechiae (PAS) was determined.
The diagnosis of OAG was made on the following criteria: (1) both eyes had a gonioscopically wide open angle; (2) at least one eye had characteristic visual field defects that corresponded to the location of the glaucomatous disc excavation; and (3) neuroradiologic, rhinologic, and general medical examinations did not disclose any pathologic conditions responsible for the optic nerve damage. Glaucomatous optic neuropathy was taken to be present when a visual field had three or more contiguous points reduced by >5 decibels, with one point reduced by >10 decibels below the age-specific threshold on static automated perimetry. Glaucomatous optic neuropathy was also considered to be present when an optic disc had a focal or a diffuse defect of the rim exceeding 10% of the disc diameter. Patients with any conditions that might induce glaucoma such as uveitis and lens exfoliation even in one eye were excluded. Also, patients were excluded if they had a history of any intraocular surgery, including laser therapy, or had any corneal condition such as pterygium that prevented reliable IOP measurements. Patients were classified as having normal-tension glaucoma (NTG) if none of the recorded IOPs measured with the GAT including the 24-hour diurnal cycle exceeded 21 mm Hg in either eye. Similarly, the eyes were classified as having primary open-angle glaucoma (POAG) if an IOP with the GAT was equal to or greater than 22 mm Hg in at least one eye measured in our clinic or in other medical institutions. An occludable angle was defined as a grade 2 or less angle in the Shaffer's classification of the angle in which the trabecular meshwork was not visible for at least 1808 using a Goldmann two-mirror gonioscopic lens in the primary position of gaze. PAC was diagnosed in eyes with an occludable angle and any PAS. An eye with an occludable angle but no other ocular abnormalities and no PAS was classified as a primary angle-closure suspect (PACS). Eyes that had received any previous surgical interventions including laser therapy were excluded from the PAC group. Eyes with acute primary angle-closure (APAC) or those with a past history of APAC, identified by the presence of iris whorling or glaucomflecken, were excluded. However, the asymptomatic fellow eyes of patients with unilateral APAC were included. In the PAC group, the suspected cases with the presence of glaucomatous optic neuropathy based on the above definitions of visual field loss and optic nerve appearance were also excluded.
The IOP was measured with the ICare rebound tonometer by a single examiner. To determine the posture-induced IOP change, the IOP was first measured in the SP with the ICare rebound tonometer. Then the patient was instructed to lie on a bed and turn to the LDP. The head was placed on a soft pillow and the body was positioned so that the eye predetermined to be measured was located directly above the fellow eye. The body position was maintained for 5 minutes, and the IOP was measured in this position with the ICare tonometer. The examiner asked the patients to gaze straight ahead to a fixation point, and the IOP measurements were made by touching the transducer to the center of the patients' cornea. Five consecutive sets of measurements with six measurements in each set were made. The average of each set was made automatically and the averaged values were used for the statistical analyses.
For the further analyses, one eye was randomly chosen. Paired ttests or unpaired t-tests or v 2 tests or one-way ANOVAs followed by the multiple comparison post hoc Bonferroni tests were used to compare the demographic data between the groups and to evaluate the significance of the IOP changes. The Levene test was applied to verify equality of variance. Linear regression was used to assess the relationships between the AL and the posture-induced IOP changes. The level of significance for each comparison was set at P < 0.05. All statistical analyses were performed using commercial software (SPSS, version 16.0; SPSS Japan, Tokyo, Japan).
RESULTS
The demographic data of the subjects are shown in Table 1 . The mean age was 67.9 6 9.5 years (6SD) in the OAG patients, 68.0 6 9.5 years in the PAC patients, and 67.4 6 8.7 years in the control volunteers (P ¼ 0.957; ANOVA). Each group consisted of 13 males and 39 females. The mean AL was 24.42 6 1.36 mm in the OAG group, 22.44 6 0.84 mm in the PAC group, and 23.68 6 1.45 mm in the control group (P ¼ 0.000; ANOVA). A statistically significant difference in the mean AL was found between the OAG and the PAC group (P ¼ 0.000; Bonferroni's test), between the OAG and the control group (P ¼ 0.009; Bonferroni's test), and between the PAC and the control group (P ¼ 0.000; Bonferroni's test). The mean 6 SD CCT was 502.3 6 31.7 lm in the OAG group, 537.0 6 31.5 lm in the PAC group, and 537.7 6 35.7 lm in the control group (P ¼ 0.000; ANOVA). A statistically significant difference in the CCT was found between the OAG and the PAC group (P ¼ 0.000; Bonferroni's test) and between the OAG and the control group (P ¼ 0.000; Bonferroni's test). The mean baseline IOP with the GAT was 13.9 6 3.2 mm Hg in the OAG group, 14.0 6 3.3 mm Hg in the PAC group, and 12.7 6 2.7 mm Hg in the control group (P ¼ 0.060; ANOVA). The OAG group included 18 eyes with POAG and 34 eyes with NTG, whereas the PAC group consisted of 38 eyes with PAC and 14 eyes with PACS. The extent of the PAS in the PAC group varied between 0 and 1808, with a mean of 288. The antiglaucoma drugs being used by the patients are listed in Table 2 . Forty-seven of the OAG patients and 8 of the PAC patients were using several types of ocular hypotensive drugs, including oral carbonic anhydrase inhibitors. In the OAG group, the most frequently used ocular hypotensive agents were prostaglandin analogs (46 eyes; 88.5%), followed by betablockers (28 eyes; 53.8%) and topical or oral carbonic anhydrase inhibitors (23 eyes; 44.2%). In the PAC group, the most frequently used drugs were prostaglandin analogs (5 eyes; 9.6%), followed by topical or oral carbonic anhydrase inhibitors (4 eyes; 7.7%).
The IOP changes from the SP to the LDP measured with the ICare rebound tonometer are plotted in Figure 1 . In the OAG group, the mean IOP was 14.3 6 4.0 mm Hg in the SP, and it increased significantly to 18.3 6 4.6 mm Hg in the LDP (P ¼ 0.000; paired t-test). Similarly in the PAC group, the mean IOP was 15.8 6 4.5 mm Hg in the SP, and it increased significantly to 19.3 6 4.4 mm Hg in the LDP (P ¼ 0.000; paired t-test). In the control group, the mean IOP was 13.9 6 3.7 mm Hg in the SP, and the IOP increased significantly to 17.3 6 3.5 mm Hg in the LDP (P ¼ 0.000; paired t-test). The mean IOP change between the two body positions was 4.0 6 2.2 mm Hg, with a range of À0.7 to 9.0 mm Hg in the OAG group and 3.5 6 2.2 mm Hg, with a range of À1.0 to 9.7 mm Hg in the PAC group. Similarly, the mean IOP change was 3.4 6 1.8 mm Hg, with a range of À2.0 to 7.3 mm Hg in the control group. The differences in the change in the mean posture-induced IOP were not significant among the three groups (P ¼ 0.309; ANOVA). In addition, there was no significant difference in the variation in the postural IOP changes among the groups (P ¼ 0.174; Levene test). When the POAG and NTG eyes in the OAG group were analyzed separately, there were no significant differences in sex, age, CCT, and AL between the two groups ( Table 3 ). The mean baseline IOP with the GAT was 12.7 6 2.0 mm Hg in the NTG group and 16.3 6 3.8 mm Hg in the POAG group (P ¼ 0.000; unpaired t-test). In the NTG group, the mean IOP measured with the ICare was 13.1 6 3.0 mm Hg in the SP, and it increased significantly to 16.8 6 3.6 mm Hg in the LDP (P ¼ 0.000; unpaired t-test). Similarly in the POAG group, the mean IOP measured with the ICare was 16.6 6 4.5 mm Hg in the SP, and it increased significantly to 21.1 6 5.1 mm Hg in the LDP (P ¼ 0.000; unpaired t-test). There were significant differences in IOP with the ICare both in the SP and LDP between the two groups (P ¼ 0.002 and 0.001, respectively; unpaired t-test). The mean IOP change between the two body positions was 3.7 6 2.1 mm Hg in the NTG group and 4.5 6 2.4 mm Hg in the POAG group. The differences in the change in the mean posture-induced IOP were not significant between the three groups (P ¼ 0.251; unpaired t-test).
The posture-induced IOP change was not significantly correlated with the AL in all eyes included and in each group (all eyes included, r ¼ 0.071, P ¼ 0.375; OAG group, r ¼ 0.020, P ¼ 0.887; PAC group, r ¼ 0.134, P ¼ 0.345; normal control group, r ¼ 0.026, P ¼ 0.855; Fig. 2 ). 
DISCUSSION
Our results showed that the posture-induced IOP changes varied among individual eyes and the variations were comparable among eyes with OAG, PAC, and normal controls. Additionally, we found no significant association between the AL and posture-induced IOP changes.
There are a number of difficulties in comparing our data on the posture-induced IOP changes with other studies because of varying body positions studied, definition of the diseased eye, inclusion criteria, race, underlying pathology of each patient, and research methodology. For example, there is no consensus as to what instrument with a high reproducibility and accuracy is best to measure the posture-induced IOP changes. Several types of tonometers have been used to measure the postureinduced IOP changes, such as a pneumatonometer, modified Goldmann applanation tonometer, a handheld Perkins tonometer, and a handheld Tono-pen. We chose the ICare rebound tonometer because it is relatively easy to use in the LDP, although it is not suitable to assess the IOP in the supine or the prone position. However, the ICare IOP values have been reported to be highly reproducible, 15 although earlier studies [15] [16] [17] [18] reported that the ICare IOP values were higher by 0.5 to 2.0 mm Hg than the GAT values. One study also showed that the ICare value was an acceptable substitute for that obtained by GAT, especially in eyes with low to moderate IOPs. 17 Earlier studies comparing the posture-induced IOP changes between eyes with OAG and normal eyes have been published. 4, [10] [11] [12] [13] In all of them, the postural IOP changes were evaluated by changing the body position from the sitting to the supine position. Krieglstein and Langham 10 reported that the mean postural IOP increase was 3.7 mm Hg in 32 normal eyes and 5.0 mm Hg in 20 glaucoma eyes at 5 minutes after changing to the supine from the seated position. Tsukahara and Sasaki 12 reported that the postural IOP rise in OAG patients of 6.5 mm Hg was higher than the 5.6 mm Hg rise in normal eyes after 30 minutes in the supine position compared with the value in the SP. They also reported that the largest postural IOP difference was 8.6 mm Hg in 6 patients with NTG. 12 Recently, Hirooka and colleagues 4 reported similar results that the posture-induced IOP change in eyes with OAG (4.0 mm Hg) was significantly higher than that in control eyes. On the other hand, Yamabayashi et al. 13 (4.1 mm Hg in OAG eyes vs. 4.4 mm Hg in control eyes) and Liu et al. 10 (3.5 mm Hg in OAG eyes vs. 4.1 mm Hg in control eyes) reported contrary results. Although the posture-induced IOP alterations in OAG patients were certainly larger on the average than that in control normal eyes in our subjects, there was no significant difference between the two groups.
There is limited information on the IOP in the LDP. In the early 1960s when the Goldmann applanation tonometer was first available, numbers of attempts were made to compare the IOP in the various body positions. Thus, Galin and associates 19 described an IOP increase from the sitting to the supine position for the 1-to 3-minute and 20-minute periods using a modified GAT in 20 patients. However, they appeared to have measured the IOP in essentially the LDP because of the rapid IOP alterations due to the body position. Furthermore, there was no significant IOP difference between the supine position for 1-to 3-minute and 20-minute periods, and there was no significant IOP difference between the upper and the lower eyes in the LDP. 19 In 20 patients undergoing lung surgery, Hwang et al. 20 reported that the IOP in the lower eye in the LDP was significantly higher than that in the prone position 5 minutes after the postural change. These differences were not found in the upper eye in the LDP. 20 Additionally, they reported that there were significant IOP differences between the upper and lower eyes, suggesting an effect of gravity. 20 Although two recent articles (normal volunteers) support the IOP differences between eyes in the LDP, both studies found that even in the upper eye in the LDP, a significant IOP increase from the SP to the LDP was present. 21, 22 Recently, Loewen and associates 8 reported that young normal volunteers with eyes of shorter AL had higher 24-hour IOP fluctuations than those with longer AL values. An explanation for the degree of IOP change is that smaller eyes may be more susceptible to vascular congestion, which has been proposed to be one of the causative factor for the posture-induced IOP changes. 23, 24 Hyperopic eyes may be affected more by the redistribution of blood from the choroid to the vascular beds in the lower body because of the shorter AL and thus smaller ocular volume. 25 However, our data showed that the correlation between the AL and the postural IOP changes was not significant for the three groups of older patients and subjects.
There are limitations to our study that include the relatively small number of patients, and the use of the ocular hypotensive agents in most of the open-angle glaucoma patients. There is also the question of whether the amount of posture-induced IOP changes might be influenced by the IOP level in the SP. Armaly and Salamoun 26 investigated the normal eyes in 38 individuals, and reported no significant relationship between the magnitude of the IOP change from the erect to the supine position and the original IOP in the erect position. On the other hand, Hetland-Eriksen 27 found that the posture-induced IOP rise was greater in eyes with a higher pressure in the SP in 76 probably medically treated eyes with glaucoma. In our study, in spite of an IOP difference in the SP between POAG and NTG patients, there was no significant difference in posture-induced IOP changes from the SP to the LDP between the two groups. Additionally, there are two studies that report that there was no significant relationship between the use of topical hypotensive agents and postural changes in the IOP in normal volunteers (pilocarpine and phenylephrine hydrochloride) 26 or in NTG patients (latanoprost, timolol, and brizolamide). 28 However, a number of issues remain for us to be determined. The second limitation is that most of the patients in the PAC group had a comparatively small amount of peripheral anterior synechiae. The third limitation is that we did not assess blood pressure, and some authors have pointed out its relevance to the posture-induced IOP change. 7, 29, 30 In summary, there was no significant difference in postureinduced IOP changes among mostly medically treated eyes with OAG, PAC, and normal control eyes. The posture-induced IOP change also varied individually, which may explain why significant changes were not found. However, it is important for the management of glaucoma to evaluate the IOP, including its fluctuation due to the body position. Further large-scaled investigations are required to address the issue on whether posture-induced IOP changes are related significantly to the onset or progression of glaucomatous optic neuropathy.
